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ABSTRACT:	   This	   study	   compares	   the	   thermal	   and	   visual	   comfort	   performance	   of	   the	   prototypical	   school	  
classrooms	  design	  in	  two	  climatic	  regions	  in	  the	  Dominican	  Republic.	  Established	  metrics	  for	  thermal	  and	  visual	  
indices	   combined	   with	   dynamic	   building	   performance	   simulations	   are	   carried	   out	   to	   assess	   the	   current	  
performance	   and	   possible	   architectural	   interventions	   to	   improve	   the	   environmental	   performance	   of	   the	  
classrooms.	  The	  PMV/PPD	  method	  with	   the	  ASHRAE	  scale,	   the	  adaptive	  comfort	  with	   the	  EN-­‐15251	  standard,	  
the	  neutral	  comfort	  obtained	  with	  Kubota	  hot	  humid	  climate	  equations	  and	  the	  thermal	  sensation	  votes	  analysis	  
underpins	  the	  conclusions.	  	  The	  prototypical	  classroom	  design	  was	  in	  the	  “comfortable”	  range	  in	  Santiago	  while	  
“slightly	  cool”	  in	  Constanza	  School.	  Simulations	  were	  used	  to	  evaluate	  the	  daylight	  conditions	  and	  showed	  that	  
Daylight	  Factor	  and	  Illuminance	  were	  within	  the	  acceptable	  ranges,	  but	  issues	  with	  glare	  and	  daylight	  uniformity	  
arise.	  This	  study	  indicates	  that	  the	  use	  of	  light	  shelves	  do	  not	  improve	  the	  daylight	  conditions	  and	  suggests	  other	  
architectural	  design	  interventions	  that	  are	  more	  effective	  in	  improving	  the	  indoor	  environment	  for	  students	  and	  
teachers.	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1.	  INTRODUCTION	  	  
	   Recognizing	   the	   importance	   of	   education	   to	   the	  
country’s	   development,	   the	   Dominican	   Republic	  
Government	   embarked	   on	   the	   ‘National	   Program	   of	  
School	   Building’	   [1].	   During	   the	   design	   process,	   the	  
environmental	  conditions	  for	  learning	  as	  thermal	  and	  
visual	  comfort	  were	  not	  considered.	  
	   Increasingly,	   literature	   points	   out	   to	   the	   value	   of	  
careful	  consideration	  of	  the	  classroom	  environmental	  
design	   performance	   as	   a	   major	   factor	   in	   improving	  
educational	   attainment,	   concentration,	   hearing	   and	  
learning,	   [2,3].	   However,	   due	   to	   the	   rapid	  
deployment	  of	   the	  school’s	  building	  programme,	   the	  
environmental	   conditions	   for	   learning	   such	   as	  
thermal	   and	   visual	   comfort	   were	   not	   considered	  
during	  the	  design	  process.	  
	   This	   research	  aims	   to	  assess	   the	  adequacy	  of	   the	  
thermal	   and	   daylight	   conditions	   in	   the	   prototypical	  
school	   design	   by	   integrating	   students’	   and	   teachers’	  
perceptions	   through	   the	  analysis	  of	   two	  Prototypical	  
schools	   in	   the	   Dominican	   Republic	   to	   improve	   the	  
educational	  environment	  for	  learning.	  	  
	  
2.	  CONTEXT	  
	   The	   first	   school	   ‘Eugenio	   de	   Jesus	   Marcano’	   is	  
situated	   in	   Santiago	   de	   los	   Caballeros,	   specifically	   in	  
the	  Municipal	  District	  of	  Tamboril.	  The	  second	  school	  
named	   ‘Gaston	   Fernando	   Deligne”	   is	   located	   in	  
Constanza	   city,	   representing	   the	   two	   dominant	  
climate	  zones	  in	  the	  country	  (Figure	  1),	  [4].	  
	  
	  
Figure	   1:	   Map	   of	   Temperatures	   in	   °C	   with	   Case	   Studies	  
Locations	  in	  the	  Dominican	  Republic	  [5].	  	  
	  
	   Based	   on	   the	   Köppen	   classification,	   the	   specific	  
climate	   type	   of	   Santiago	   is	   the	   tropical	   Savannah	  
(AW)	  [6].	  The	  orientation	  of	  the	  prototypical	  school	  in	  
Santiago	  de	   los	  Caballeros	   follows	  established	  norms	  
of	   building	   orientation,	   positioned	   Southeast	   and	  
Northwest	  leaving	  the	  longer	  lengths	  of	  the	  buildings	  
to	   the	   Northeast	   and	   to	   the	   Southwest.	   Due	   to	   site	  
restrictions,	   the	   design	  marginally	   deviates	   from	   the	  
orientation	   guidelines	   to	   avoid	   direct	   sunlight	   in	   the	  
classrooms	   (Figure	   2).	   	   However,	   the	   prototypical	  
orientation	   guidelines	   fails	   to	   consider	   the	   different	  
climatic	   characteristics	   in	   the	   School	   of	   Constanza	  
 City,	   that	   in	   Köppen	   classification	   is	   in	   the	   Oceanic	  
type	  (Cfb)	  [6],	  where	  the	  corridor	  areas	  were	  located	  
to	  the	  South	  and	  North	  façade	  leaving	  the	  services	  to	  
the	   East	   and	   the	   West	   axis;	   this	   leads	   to	   reducing	  
required	   direct	   solar	   gains	   in	   the	   classrooms	   as	  
temperatures	  reach	  below	  18°C	  (Figure	  3).	  
	  
	  
Figure	   2:	   Context	   Analysis	   and	   Evaluated	   Classrooms	   in	  
Santiago	  de	  los	  Caballeros	  School.	  (Tropical	  Savannah	  (AW)	  
Climate	  Type).	  IESVE	  2015.	  
	  
	  
Figure	  3:	  Context	  Analysis	  and	  Evaluated	  Classrooms	  in	  	  
Constanza	  School.	  (Oceanic	  Climate	  Type	  (Cfb)).	  IESVE	  2015.	  
	  
	   During	   various	   visits	   to	   the	   schools,	   it	   was	  
observed	   that	   the	   spaces	   between	   the	   school	  
buildings	   are	   unused	   due	   to	   the	   high	   exposure	   to	  
direct	   solar	   radiation,	   high	   glare	   and	   reflection	   from	  
the	   light	   coloured	   building	   finishes	   encouraging	  
students	   and	   teachers	   to	   meet	   and	   rest	   in	   the	  
corridor	   areas	   where	   they	   find	   sheltered	   spaces	  
(Figure	  4).	  	  
	  
3.THERMAL	  COMFORT	  ANALYSIS	  
	   The	   thermal	   comfort	   conditions	   were	   analysed	  
using	   the	   Fanger	   seven-­‐point	   scale	   to	   calculate	   the	  
PMV/PPD	   method	   using	   the	   ASHRAE	   standard.	   The	  
PMV	   and	   PPD,	   [7]	   calculates	   the	   average	   thermal	  
sensation	   for	   a	   large	  group	  of	  people	  using	  a	   seven-­‐
point	   thermal	   sensation	   scale	   from	   Cold	   (−3)	   to	   Hot	  
(+3)	   considering	   the	   values	   of	   air	   temperature,	   the	  
relative	  humidity,	   the	  mean	  radiant	   temperature,	  air	  
velocity,	  metabolic	  rate	  and	  clothing	  level.	  
 
	  
Figure	   4.	   Current	   Schools	   Courtyard	   Conditions	   and	  
Exposure	  to	  Direct	  Sunlight.	  Site	  visit.	  April	  2017,	  11:00	  a.m.	  
	  
	   For	   the	   adaptive	   comfort	   calculation	   the	   EN-­‐
15251	   standard	  was	   utilized	   and	   compared	  with	   the	  
thermal	   sensation	   votes	   results	   from	   a	   field	   survey	  
applied	  in	  the	  selected	  schools.	  The	  Kubota	  equation	  
for	   hot-­‐humid	   climates	   was	   used	   to	   determine	   the	  
neutral	  temperature.	  	  	  
	   ASHRAE	   Standard	   55	   (Equation	   1)	   and	   EN-­‐15251	  
adaptive	   comfort	   equation	   (Equation	   2)	   to	   calculate	  
the	   neutral	   temperatures	   for	   naturally	   ventilated	  
buildings	  are	  as	  follow:	  
 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  T(comf)=31T(om)+17.8	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (1)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  T(comf)=33T(rm)+18.8	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (2)	  
 
T(comf)	  is	  the	  indoor	  comfort	  operative	  temperature	  (°C).	  	  
T(om)	  is	  monthly	  mean	  outdoor	  air	  temperature	  (°C).	  	  
T(rm)	  is	  running	  mean	  outdoor	  air	  temperature	  (°C)	  [8].	  
 
	   The	   average	   air	   temperatures	   and	   relative	  
humidity	  were	  measured	  in	  the	  classroom	  with	  Lascar	  
EL-­‐USB-­‐1	   USB	   Temperature	   Data	   Loggers	   in	   ten-­‐
minute	   intervals.	  These	  measurements	  were	  used	   to	  
validate	   predicted	   indoor	   conditions	   from	   the	  
building	   performance	   simulation	   model.	   The	   mean	  
radiant	   temperature	   and	   the	   air	   velocity	   data	   were	  
obtained	  from	  the	  dynamic	  modelling.	  	  
	   The	   ASHRAE	   standard	   55	   [9]	   established	   a	  
metabolic	   rated	  between	  1.0-­‐1.3	  met.	  However,	   Teli	  
[10],	  applied	  the	  MET	  value	  for	  children	  and	  adults	  of	  
1.2	  met.	   This	   study	  will	   be	  using	   Teli’s	   value,	   as	   it	   is	  
focus	  on	  teachers	  and	  students.	  	  
	   For	   the	   clothing	   levels	   the	   ASHRAE	   standard	   55	  
Table	  was	  utilized	  (Table	  2),	  a	  mean	  value	  was	  taken	  
for	   each	   school	   considering	   that	   the	   clothing	   level	  
were	  different	  by	  gender.	  	  
 Clo
0.58
0.78
0.66
0.86
0.63
0.83
*All&Combinations&Include&Underwear
For&boys
Clothing&Combination&Values&in&the&New&Model&Schools
Eugenio&de&Jesus&Marcano&School&(Santiago&de&los&Caballeros)
For&Boys&and&Girls
Trousers,/short/sleeve/shirt,/socks/and/oxford/shoes*
With/their/own/long/sleeve/sweater*/
Gaston&Fernando&Deligne&School&(Constanza&City)
With/their/own/long/sleeve/sweater/*
With/their/own/long/sleeve/sweater/*
Trousers,/long/sleeve/shirt,/socks/and/oxford/shoes*
For&Girls
KneeAlengh/skirt,/long/sleeve/shirt,/knee/high/socks/and/pump/shoes*
Table	   2.	   Clothing	   Combination	   Values	   for	   the	   Prototypical	  
Schools	  Uniforms	  Based	  on	  ASHRAE	  Standard	  55	  [9]	  
 
	   The	   CBE	   Thermal	   Comfort	   Tool	   [11]	  was	   used	   to	  
obtain	   the	   PMV	   and	   PPD	   values	   (based	   on	   equation	  
(1)	   (Tables	  3	   and	  4)	   and	   (Figures	  5	   and	  6).	   Initially	   3	  
classrooms	  of	  each	  school	  were	  measured,	  but	  one	  of	  
the	   data	   loggers	   in	   Santiago	   school	   failed,	   providing	  
non-­‐accurate	   temperatures.	   For	   this	   reason	   it	   was	  
discarded	  from	  the	  analysis.	  
	  
Mean%Outdoor%Temp. 26.18
MET 1.2 MET:*Metabolic*Rate
Clo 0.78 Clo:*Clothing*Insulation
C1*(1st*Floor) 24.5 42.12 28.46 3.82 D0.97 21.0******* 0.13
C2*(Ground*Floor) 26.73 65.66 27.6 3.82 D0.19 6.0********** 0.14
Mean%Values 50.58 13.5%%%%%%% 0.14
Mean%Outdoor%Temp. 17.58
MET 1.2 MET:*Metabolic*Rate
Clo 0.84 Clo:*Clothing*Insulation
C1*(Ground*Floor) 19.26 75 19.38 3.22 D2.1 81.0******* D0.27
C2*(1st*Floor) 19.17 73.72 19.85 3.22 D2.12 82.0******* D0.25
C3*(2nd*Floor) 20.6 67.92 19.83 3.22 D1.74 64.0******* D0.23
Mean%Values 52.0 75.7%%%%%%% 50.25
MTSV
Santiago%de%los%Caballeros%School
MTSV:*Mean*Thermanl*Sensation*Vote
PMV:*Predicted*Mean*Vote
PPD:*Predicted*Percentage*Dissatisfied
Air%Temp.%%(monitors) Humidity%(monitors)Classroom Air%Velocity% PMV% PPD
Constanza%School
Mean%Radiant%Temp
MTSV:%Mean%Thermanl%Sensation%Vote
PMV:*Predicted*Mean*Vote
PPD:*Predicted*Percentage*Dissatisfied
MTVSClassroom Air%Temp.%%(monitors) Humidity%(monitors) Mean%Radiant%Temp Air%Velocity% PMV% PPD
	  
Table	  3.	  PMV	  and	  PPD	  values	  in	  Santiago	  de	  los	  Caballeros	  
School	  
 
Mean%Outdoor%Temp. 26.18
MET 1.2 MET:*Metabolic*Rate
Clo 0.78 Clo:*Clothing*Insulation
C1*(1st*Floor) 24.5 42.12 28.46 3.82 D0.97 21.0******* 0.13
C2*(Ground*Floor) 26.73 65.66 27.6 3.82 D0.19 6.0********** 0.14
Mean%Values 50.58 13.5%%%%%%% 0.14
Mean%Outdoor%Temp. 17.58
MET 1.2 MET:*Metabolic*Rate
Clo 0.84 Clo:*Clothing*Insulation
C1*(Gro nd*Floor) 19.26 75 19.38 3.22 D 1 81 0******* D 7
C2*(1st*Floor) 19.17 73.72 19.85 3.22 D2.12 82.0******* D0.25
C3*(2nd*Floor) 20.6 67.92 19.83 3.22 D1.74 64.0******* D0.23
Mean%Values 52.0 75.7%%%%%%% 50.25
MTSV
Santiago%de%los%Caballeros%School
MTSV:*Mean*Thermanl*Sensation*Vote
PMV:*Predicted*Mean*Vote
PPD:*Predicted*Percentage*Dissatisfied
Air%Temp.%%(monitors) Humidity%(monitors)Cl ssroom Air%Velocity% PMV% PPD
Constanza%School
Mean%Radiant%Temp
MTSV:%Mean%Thermanl%Sensation%Vote
PMV:*Predicted*Mean*Vote
PPD:*Predicted*Percentage*Dissatisfied
MTVSClassroom Air%Temp.%%(monitors) Humidity%(monitors) Mean%Radiant%Temp Air%Velocity% PMV% PPD
	  
Table	  4.	  PMV	  and	  PPD	  values	  in	  Constanza	  School.	  
 
	   The	   mean	   PMV	   value	   for	   Santiago	   de	   los	  
Caballeros	  school	  was	  -­‐0.58	  considered	  (slightly	  cool)	  
and	  the	  PPD	  of	  13.5%,	  over	  the	  ASHRAE	  range	  of	  10%.	  
The	   Constanza	   School	   PMV	  was	   of	   -­‐2	   (cool)	   and	   the	  
PPD	  was	  of	  75.7%,	  which	  can	  be	  considered	  distanced	  
from	   the	   comfort	   zone	   following	   the	   ASHRAE	  
standard,	   but	   the	  MTSV	  was	   of	   -­‐0.25	   (Comfortable).	  
Zomorodian	  et	  al.	  [12]	  explains	  that	  the	  PMV	  and	  PPD	  
methods	  can	  be	  precise	  for	  HVAC	  buildings,	  however	  
for	  natural	  ventilated	  spaces	  it	  does	  not	  give	  accurate	  
results.	  
	   The	   adaptive	   thermal	   comfort	   method	   provides	  
more	  accurate	  results	  for	  natural	  ventilated	  buildings	  
understanding	   the	  capacity	   to	  adjust	   to	   temperature	  
changes.	   It	   uses	   the	   running	   mean	   outdoor	  
temperature	  as	  the	  main	  parameter.	  	  
	   The	  EN-­‐15251	  Standard	  was	  used	  to	  calculate	  the	  
adaptive	   thermal	   comfort	   utilizing	   the	   CBE	   Thermal	  
Comfort	   Tool	   [11]	   based	   on	   the	   equation	   2.	   The	  
standard	  generates	  three	  classes	  of	  satisfaction	  limits	  
of	   90%,	   80%	   and	   65%	   in	   order	   of	   sensitive	   and	  
expectation	   respectively.	   Because	   students	   are	  
considered	   vulnerable	   and	   with	   less	   control	   of	   the	  
classroom	  environmental	  conditions	  each	  case	  will	  be	  
emplaced	   in	   (class1).	   Santiago	   de	   los	   Caballeros	  
classrooms	   has	   an	   operative	   comfortable	  
temperature	   range	   between	   25.4°C	   to	   34.8°C.	   For	  
Constanza	  it	   is	  between	  20.6°C	  and	  28.6°C	  (Figures	  7	  
and	  8).	  
	  
Figures	   5	   and	   6.	   Psychometric	   Chart	   of	   Santiago	   and	  
Constanza	  School	  Classrooms	  from	  Left	  to	  Right	  
 
 
	  
Figures	  7	  and	  8.	  Adaptive	  Chart	  of	  Santiago	  and	  Constanza	  
School	  Classrooms	  from	  Left	  to	  Right.	  
 
	   For	   Santiago	   de	   los	   Caballeros	   the	   indoor	  
temperatures	   are	   normally	   inside	   the	   established	  
range	   having	   comfortable	   conditions,	   while	   in	  
Constanza	   School	   the	   temperatures	   are	  most	   of	   the	  
time	   below	   the	   suggested	   limits,	   feeling	   normally	  
cold,	  having	  discomfort	  sensation.	   	  
	   Compared	  to	  the	  ASHRAE	  Standard	  PMV	  and	  PPD	  
results,	   Santiago	   de	   los	   Caballeros	   School	   is	   in	  
comfort	   conditions.	   However,	   Constanza	   School	  
indicates	  discomfort	  in	  both	  methods,	  presenting	  the	  
need	   to	   consider	   a	   heating	   passive	   strategy	   to	  
improve	  the	  current	  conditions.	  
	   Kubota	  et	   al	   [13],	   developed	  a	   study	   to	   calculate	  
the	   adaptive	   comfort	   in	   hot	   humid	   climates,	  
understanding	   that	   climate	  has	  a	  direct	   influence	  on	  
the	   thermal	   adaptation	   of	   occupants	   in	   naturally	  
ventilated	   buildings.	   This	   equations	   predict	   neutral	  
operative	   temperatures	   of	   24.9–31.2°C,	   and	   19.0°C-­‐
24.7°C	   for	   hot–humid	   and	   moderate	   climates,	  
respectively	  [13].	  The	  equations	  to	  be	  utilized	  for	  hot	  
humid	  climate	  (Equation	  3)	  in	  the	  case	  of	  Santiago	  de	  
los	  Caballeros	  School	  and	  moderate	  climate	  (Equation	  
4)	  for	  Constanza	  School	  calculations	  are:	  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  T(neutop)=0.57T(outdm)+13.8	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (3)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  T(neutop)=0.22T(outdm)+18.6	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (4)	  
 
T(neutop)	  is	  the	  indoor	  neutral	  operative	  temperature	  (°C)	  
and	  	  T(outdm)	  is	  daily	  mean	  outdoor	  air	  temperature	  (°C)	  
[13].	  
 	   The	   ASHRAE	   equation	   considers	   the	   monthly	  
mean	   outdoor	   air	   temperature	   (°C),	   the	   EN-­‐15251	  
uses	   the	  running	  mean	  outdoor	  air	   temperature	  and	  
Kubota’s	  equation	   considers	   the	  daily	  mean	  outdoor	  
air	  temperature	  (°C).	  	  
	   The	  comfort	  temperature	  results	  were	  different	  in	  
each	   approach.	   With	   the	   ASHRAE	   standard	   the	  
calculations	   were	   25.9	   °C	   and	   23.24°C	   for	   Santiago	  
and	   Constanza	   respectively.	   The	   EN-­‐15251	   standard	  
results	   were	   of	   27.4°C	   for	   Santiago	   and	   24.6°C	   for	  
Constanza	   and	   the	   Kubota	   equation	   gave	   the	   higher	  
and	   lower	   value	   of	   28.4°C	   for	   Santiago	   school	   and	  
22.9°C	   for	   Constanza	   school.	   The	   calculations	   are	  
shown	  in	  Table	  5	  and	  6.	  
 
Kubotas(Formula Santiago(Temp.( Temperatures
Tneutop=0.57Toutdm+13.8 24.5 27.8
26.73 29.0
Mean(Value 28.4
Constanza(Temp
Tneutop=0.22Toutdm+18.6 19.26 22.8
19.17 22.8
20.6 23.1
Mean(Value 22.9
Table	  5	  .	  Kubota’s	  Adaptive	  Comfort	  in	  Hot	  Humid	  Climates	  
Calculation	  for	  Santiago	  and	  Constanza	  School	  Classrooms.	  
 
City ASHRAE*55 EN-15251 Kubota*et*al.*(2013)
Santiago 25.9 27.4 28.4
Constanza 23.24 24.6 22.9
Comfort*Temperature*
	  
Table	  6	  .	  Comfort	  Temperature	  of	  Santiago	  de	  los	  Caballeros	  
and	  Constanza	  School	  Classrooms.	  
 
	   The	   analysis	   was	   based	   on	   the	   number	   of	  
occupancy	  hours	  (from	  8:00	  am	  to	  5:00	  pm)	  with	  the	  
thermal	  comfort	  correspondent	  to	  each	  school	  zone.	  
The	  measures	  were	  studied	  during	  the	  month	  of	  April	  
as	  a	  period	  of	  average	  temperatures	  for	  the	  academic	  
year.	   For	   Santiago	   the	   range	   of	   temperature	   was	  
between	   21.40°C-­‐34.20°C.	   For	   Constanza	   the	  
temperatures	  were	  between	  12.10°C-­‐22.20°C.	  	  
	   These	   values	   were	   used	   to	   assess	   the	   thermal	  
conditions	   predicted	   by	   the	   base	   case	   building	  
performance	  simulation	  runs.	  The	  construction	  model	  
configuration	  was	   built	   with	   the	   exact	   specifications	  
established	   from	   architectural	   drawings	   of	   the	  
schools,	   to	   reflect	   the	   non-­‐insulated	   building	  
envelope,	   the	   window	   to	   wall	   ratios,	   and	   door	  
openings.	  	  
	   The	   indoor	   temperatures	   present	   in	   Santiago	   de	  
los	   Caballeros	   in	   the	   month	   of	   April	   were	   analysed	  
and	  it	  was	  observed	  that	  temperatures	  remain	  within	  
the	   defined	   neutral	   temperature	   and	   the	   adaptive	  
comfort	   zone	   of	   25.4°C	   to	   34.8°C.	   (Figure	   9).	  
However,	   for	   Constanza	   the	   temperatures	   are	  
predicted	  to	  be	  under	  the	  neutral	  line	  and	  below	  the	  
adaptive	   comfort	   zone,	   between	   20.6°C	   and	   28.6°C.	  
(See	  figure	  10).	   	  
	  
Figure	   9.	   Santiago	   de	   los	   Caballeros	   Dry	   Resultant	  
Temperatures	  During	  the	  Month	  of	  April.	  
	  
	  
Figure	   10.	   Constanza	   Dry	   Resultant	   Temperatures	   During	  
the	  Month	  of	  April.	  
	  
	   For	   the	   Thermal	   Sensation	   Votes	   analysis	  
subjective	   surveys	   were	   applied	   in	   both	   schools.	   In	  
Santiago	   de	   los	   Caballeros	   the	   sample	   was	   of	   191	  
surveys	  (23	  of	  teachers	  and	  168	  of	  students)	  and	  119	  
for	   Constanza	   School	   (15	   of	   teachers	   and	   104	   of	  
students).	   The	   overall	   satisfaction	   of	   the	   individuals	  
was	  evaluated	  by	  asking	  them	  if	  they	  felt	  comfortable	  
or	   uncomfortable	   taking	   classes	   in	   their	   classrooms.	  
For	   Santiago	   de	   los	   Caballeros	   School	   the	  
predominant	   responses	   were	   of	   comfort	   and	  
satisfaction	   while	   in	   Constanza	   School	   47%	   felt	  
comfortable,	   however	   28%	   felt	   uncomfortable	   and	  
very	  uncomfortable	  (Figure	  11). 
	   The	   ASHRAE	   scale	   based	   on	   the	   7-­‐point	   (cold,	  
cool,	   slightly	  cool,	  neutral,	   slightly	  warm,	  warm,	  hot)	  
was	   implemented.	   The	   thermal	   sensation	   votes	  
results	   for	   Santiago	   school	   were	   0.22	   (comfortable)	  
and	  -­‐1.17	  (slightly	  cool)	  for	  Constanza	  School.	   	   It	  was	  
determined	   that	   Santiago	  School	  had	  better	   thermal	  
comfort	   conditions	   and	   general	   satisfaction	   for	  
teachers	   and	   students	   in	   classrooms	   than	  Constanza	  
School.	   As	   a	   result,	   Constanza	   School	   needed	   to	   be	  
improved.	  
	   The	  final	  outcomes	  from	  the	  calculations	  and	  the	  
subjective	   analysis	   can	   take	   to	   similar	   conclusions	  
perceiving	   that	   the	   school	   of	   Santiago	   de	   los	  
 Caballeros	   can	   be	   considered	   in	   comfort	   conditions	  
for	  learning,	  excluding	  the	  ASHRAE	  Standard	  analysis,	  
while	   Constanza	   School	   has	   slightly	   cool	   conditions	  
and	   uncomfortable	   settings	   as	   a	   learning	  
environment. 
	  
	  
Figure	   11.	   General	   Satisfaction	   Survey	   of	   Teachers	   and	  
Students	  in	  Classrooms.	  
	   	  	  
4.VISUAL	  COMFORT	  IN	  THE	  CLASSROOM	  
	   The	   daylight	   conditions	   were	   studied	   utilizing	  
dynamic	   radiance	   analysis	   applying	   the	   IES-­‐VE	  
software	   2015	   version,	   reconstructing	   the	   schools’	  
conditions	   to	   define	   the	   acceptable	   limit	  
temperatures,	   Illuminance,	   daylight	   factor	   and	  
uniformity	  in	  classrooms.	  
	   The	  Daylight	  factor	  (DF%)	  expresses	  the	  potential	  
Illuminance	   inside	   a	   room	   in	   the	   worst	   possible	  
scenario	   under	   overcast	   sky	   conditions	   [14].	   The	  
minimum	  and	  average	  daylight	  factors	  for	  classrooms	  
have	  been	  defined	  as	  2%	  and	  5%,	  respectively	  [15].	  	  
	   The	  recommended	  average	  values	  in	  lux	  for	  visual	  
tasks	   in	   classrooms,	   including	   reading	   and	   writing,	  
respectively,	   are	   of	   750,	   500,	   500	   and	   300-­‐600	   lux,	  
[16,17].	  
	   Uniformity	  is	  defined	  as	  the	  ratio	  of	  the	  minimum	  
daylight	   factor	   to	   the	   average	   daylight	   factor	   within	  
the	   space	   creating	   a	   uniform	   distribution	   of	  
Illuminance	   and	   luminance.	  Many	   lighting	   standards	  
require	   a	   uniformity	   ratio	   of	   0.8	   (minimum/average)	  
or	   0.7	   (minimum/maximum)	   [18].	   The	   BREEAM	   UK	  
suggests	  values	  over	  0.3	  [19].	  
	   The	  daylight	  analysis	  outcomes	  of	  the	  classrooms	  
(Figure	   12	   and	   Table	   7)	   indicated	   that	   the	   average	  
Daylight	  Factor	  and	  Illuminance	  for	  the	  proposal	  were	  
within	  the	  determined	  percentage,	  but	  the	  uniformity	  
levels	  were	  below	  the	  recommended	  values.	  
	   The	   Light	   shelf	   intervention	   generates	   shadow	   in	  
the	   nearest	   area	   to	   the	   window,	   as	   the	   sun	   in	   the	  
tropics	  arises	  quickly	  and	  maintains	   in	  vertical	  angles	  
for	   longer	   periods	   during	   most	   of	   the	   occupancy	  
hours,	  reducing	  all	  values	  below	  the	  average	  (Figures	  
13-­‐14).	  	  
	   The	   inclusion	  of	  a	  wall	  zone	  with	  a	  sitting	  area	  of	  
40cm	  width	  in	  the	  exposed	  façade	  combined	  with	  the	  
increase	   of	   the	   window	   to	   wall	   ratio	   from	   43%	   to	  
53%,	   	   serves	   as	   a	   visual	   transition	   for	   higher	   direct	  
sunlight	  to	  enter,	  reducing	   intensity	  and	  at	  the	  same	  
time	   allowing	   higher	   values	   to	   be	   reached	   by	   the	  
variables.	   However,	   the	   design	   still	   needs	   to	   be	  
improved	   to	   deliver	   better	   uniformity	   levels	   (Figure	  
15).	  
A	   	  	  	  	  	  	  	  	  	  	  	  B	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  C	  
	  
Figure	   12.	   Classroom	   Daylight	   Factor	   Performance	   Plans	  
and	  South	  Façade	  Perspectives	  of	  (A)	  Base	  Case	  (B)	  After	  the	  
Implementation	  of	  Light	  Shelves	   (C)	  After	  the	  Addition	  of	  a	  
Wall	   Zone.	   Simulated	   the	   21st	   of	   April	   at	   3:pm,	   1.2mts	  
height.	  
	  
	   Minimum	  
Daylight	  
Factor	  
Average	  
Daylight	  
Factor	  
Unifor
mity	  
Average	  
Illuminan
ce	  
(Lux)	  
Base	  Case	   0.40	   3.20	   0.12	   552	  
With	   Light	  
Shelves	  
0.20	   1.50	   0.11	   281	  
With	  
Additional	  
Wall	  Zone	  	  
1.00	   4.00	   0.14	   565	  
Table	  7.	  Classroom	  Daylight	  Analysis.	  
Figure	  13.	  Schools	  Classroom	  Original	  Design	  Section	  Detail 
	  
Figure	  14.	  Schools	  Classroom	  Light	  Shelf	  Section	  Detail	  
	  
Figure	  15.	  Schools	  Classroom	  Section	  Detail	  with	  Additional	  
Wall	  Zone.	  
 	   By	   generating	   a	   separation	   of	   2	  meters	   between	  
the	   existing	   corridor	   on	   the	   courtyard	   side	   and	   the	  
building	   an	   enhancement	   of	   the	   Illuminance	   and	  
Daylight	  Factor	  can	  be	  observed	  and	  also	  a	  sitting	  and	  
recreational	  area	  can	  be	  generated	  (Figure	  16).	  	  
	   However,	  the	  uniformity	  levels	  were	  not	  reaching	  
the	   minimum	   requirements.	   The	   integration	   of	  
skylights	  and	  the	  use	  of	   light	  ducts	  could	  be	   tools	   to	  
improve	   the	   daylight	   conditions,	   most	   of	   all	   in	   the	  
lower	  floors.	  
	  
Figure	  16.	   (A)	  Classroom	  Daylight	   Illuminance	  Performance	  
Implementing	  2mts	  Separation	  from	  the	  Corridor.	  Simulated	  
the	  21st	  of	  April	  at	  3:pm,	  1.2mts	  height.	  
	  
5.CONCLUSION	  
	   The	  PMV/PPD	  method	  with	  the	  ASHRAE	  scale,	  the	  
adaptive	   comfort	   with	   the	   EN-­‐15251	   standard,	   the	  
neutral	   comfort	   obtained	   with	   Kubota	   hot	   humid	  
climate	   equations	   and	   the	   thermal	   sensation	   votes	  
analysis	  underpins	   the	  conclusions.	   	  The	  prototypical	  
classroom	   design	  was	   in	   the	   “comfortable”	   range	   in	  
Santiago	   while	   “slightly	   cool”	   in	   Constanza	   schools.	  
	   Consequently,	   design	   interventions	   should	   be	  
implemented	   to	   the	   buildings	   in	   accordance	   to	   the	  
particular	   micro	   climatic	   location	   for	   each	   school	  
utilizing	   building	   performance	   simulation	   tools.	   This	  
paper	   suggests	   a	   feasible	   design	   alteration	   that	   can	  
improve	  both	  the	  thermal	  and	  visual	  environments	  in	  
other	   sub	   climatic	   classifications	   of	   the	   Dominican	  
Republic.	  	  
	   Furthermore,	  thermal	  comfort	  and	  visual	  comfort	  
analysis	   can	   be	   followed	   by	   an	   acoustics	   study,	   not	  
measured	   in	   this	   project,	   to	   be	   able	   to	   provide	   a	  
holistic	  design.	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